SRUC Repository -Research publications by members of SRUC http://openaccess.sruc.ac.uk/ Review: Current available strategies to mitigate greenhouse gas emissions in 1 livestock systems: an animal welfare perspective PAbstract 17 Livestock production is a major contributor to greenhouse gas (GHG) emissions, so will 18 play a significant role in the mitigation effort. Recent literature highlights different 19 strategies to mitigate GHG emissions in the livestock sector. Animal welfare is a 20 criterion of sustainability and any strategy designed to reduce the carbon footprint of 21 livestock production should consider animal welfare amongst other sustainability 22 metrics. We discuss and tabulate the likely relationships and trade-offs between the 23 1 GHG mitigation potential of mitigation strategies and their welfare consequences, 24 focusing on ruminant species and on cattle in particular. The major livestock GHG 25 mitigation strategies were classified according to their mitigation approach as reducing 26 total emissions (inhibiting methane production in the rumen), or reducing emissions 27 intensity (Ei; reducing CH 4 per output unit without directly targeting methanogenesis). 28 Strategies classified as antimethanogenic included chemical inhibitors, electron 29 acceptors (i.e. nitrates), Ionophores (i.e. Monensin) and dietary lipids. Increasing diet 30 digestibility, intensive housing, improving health and welfare, increasing reproductive 31 efficiency and breeding for higher productivity were categorised as strategies that 32 reduce Ei. Strategies that increase productivity are very promising ways to reduce the 33 livestock carbon footprint, though in intensive systems this is likely to be achieved at the 34 cost of welfare. Other strategies can effectively reduce GHG emissions whilst 35 simultaneously improving animal welfare (e.g. feed supplementation or improving
animals progressively to a diet with nitrate enables the population of nitrite-reducing 221 bacteria to grow, increasing the capacity to reduce nitrite (Allison and Reddy, 1984) . In 222 several experiments that tested nitrate supplementation to reduce CH 4 emissions, no 223 clinical signs or methaemoglobinaemia were observed (Al-aboudi and Jones, 1985; 224 Nolan et al., 2010) even when in some cases the concentration of metHb was 4 to 5 fold 225 greater than the average levels in control animals (van Zijderveld et al., 2010) . 226 Nevertheless, it is anticipated that any potential overdose during routine nitrate 227 supplementation could have severe implications for the health of the animal. In addition, 228 the use of nitrates results in higher excretion of ammonia, if rations are not correctly 229 formulated which also has negative environmental implications as it contaminates soils 230 and water. So, the potential gains for environmental sustainability achieved by GHG 231 mitigation would be partially countered by ammonia pollution. 
246
Since January 2006, the routine use of ionophores, principally for their growth 247 promoting properties, has been banned in the European Union to control antibiotic 248 resistance, preventing their use as a mitigation strategy in any of the 28 member states 249 of the EU. However, ionophores are currently still used outside of the EU and therefore 250 are still a valuable strategy for use in many other countries around the world.
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In addition to helping to mitigate CH 4 emissions, ionophores also benefit animal health 
262
Monensin also has the capacity to ameliorate negative energy balance during periods of 
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Less severe, but much more frequent and persistent, is SARA in which feed intake and 382 performance may be suppressed. SARA is also associated with other health problems, Higher social stress Lower parasite burdens Inability to express natural behaviour Higher risk of disease spread Improving health and welfare (A) 3 -6% (by a 28 -55% reduction of mastitis incidence in dairy cattle) 18 Better health Extended lifespan Increasing reproductive efficiency (A) 4% (Improving offspring survival to 80-90%) 19 17 -24% 20
Higher metabolic demand Higher offspring survival Poor body condition Intensive breeding (A) 10 -20% 1 19 -23% 2 Impaired health traits Metabolic disorders BCS=Body condition score; NEB=Negative energy balance 855 Superscripts in each strategy refer to the species to which the strategy is likely to be applicable; "A" for all animals, "R" restricted to ruminants. 
